With petroleum exploration and development expanding in the Arctic (AMAP, 2007) As expected, the bioconcentration factor (BCF) for B[a]P was higher than for phenanthrene in accordance with a higher octanol/water partition coefficient for B[a]P (log K ow = 6.04) compared to phenanthrene (log K ow = 4.53). However, for both compounds, log BCF was lower than log K ow that may indicate active biotransformation and excretion of the selected PAH compounds. These findings on the bio-uptake kinetics for petroleum hydrocarbons are essential for evaluating the potential consequences of an oil spill in the Arctic.
Introduction

1
The petroleum industry is expanding exploration and development activities northward into 2 the European Arctic from the north Atlantic into Greenland, northern Norway and northwest 3 Russia (AMAP, 2007). As development moves northward, the associated increase in 4 operational and transport activities will lead to a higher risk of accidental releases of oil to the 5 marine environment. In order to evaluate the potential environmental consequences of 6 increased activities, there is a need for more information on responses of individual organisms 7 exposed to petroleum hydrocarbon compounds. Such data is sparse for Arctic dwelling 8 organisms (Chapman and Riddle, 2005; Olsen et al., 2007) and it remains unclear whether 9
Arctic and temperate dwelling organisms accumulate and respond differently to petroleum 10 compounds. More ecotoxicology investigations with cold-water dwelling organisms are 11 required as a basis for the development of appropriate environmental protection guidelines for 12 both routine operations and emergency response procedures. 13
14
Crude oil is a complex mixture of chemical compounds, including alkanes, naphthenes, 15 aromatic hydrocarbons (including polycyclic aromatic hydrocarbons (PAHs), and also non-16 hydrocarbon compounds (Wauquier, 1995) . Among these, PAHs are considered the most 17 toxic (Hylland, 2006) . PAHs are hydrophobic exhibiting log octanol/water partition 18 coefficients (log K ow ) ranging from 3.4 (e.g. naphthalene) to around 7 for the heavier 19 compounds (e.g. indeno(1,2,3,cd)pyrene) (Mackay, 2006; Neff and Burns, 1996) . Many 20 authors have found a linear relationship between log K ow and log bioconcentration factor 21 (BCF) (Hawker and Connell, 1986; Mackay, 1982; Veith et al., 1979) indicating that 22 bioaccumulation is linked to hydrophobicity for a given PAH compound. However, several 23 studies also show that lower bioavailability and higher metabolism of the heavier compounds 24 may modify this linear relationship and the accumulation of the heavier compounds may be 25 lower than expected (Baussant et al., 2001b; Southworth et al., 1980; Spacie et al., 1983; van 26 Hattum et al., 1998). 27 28 Hence the resulting effect on an organism exposed to crude oil may vary depending on the 29 combination of an organism's ability to bioaccumulate, metabolize and excrete these 30 compounds. Vertebrates such as fish are generally able to metabolize and excrete PAHs 31 (Spacie et al., 1983) , while metabolism are known to vary considerably among invertebrate 32 species (Livingstone, 1998 The copepod samples were taken by sieving the animals onto a metal sieve, followed by 83 rinsing in ammonium formate (CH 5 NO 2 , 24 g l -1 ) to remove salts and adhered compounds. 84
The copepod samples were then transferred to glass vials with 600 (phenanthrene) or 300 85 (Livingstone, 1998) . In the present study, lipid weights were analyzed by 103 Unilab AS, using three replicates of non-exposed copepods sorted out along with 104 experimental specimens i.e. prior to each experiment. These were then used to report the 105 
Toxicokinetics of phenanthrene 144
For phenanthrene the conditional uptake clearance coefficient (k u ) was 324 ml g -1 h -1 and the 145 conditional elimination clearance coefficient (k e ) was 0.06 h -1 (Table 1) . Steady state was 146 reached within the exposure time (192 h) and the concentration in the copepods was 10.0 µg 147 g lipid -1 . There was no significant difference between tissue levels of phenanthrene at times 48, 148 96 and 192 (one way ANOVA, p>0.05) (Fig 1) . The depuration rate (k d ) was 0.0089, but this 149 was not significantly different from 0 (t-test, p=0.12). 2). The estimated uptake rate for B[a]P (201.5 ml g -1 h -1 ) was a little lower than estimated for 157 phenanthrene but the toxicokinetic model derived elimination rate (k e ) was much lower 158 (2.1*10 -11 , unfed copepods exposed to various PAHs. These were short term exposure experiments 245 lasting only 48 hours and the authors did not report whether equilibrium was achieved within 246 the exposure period but fed and unfed copepods were exposed to the same concentrations of 247
PAHs. An accumulation study showed that feeding reduced the accumulation of the readily 248 
